Residual tumour after surgery was detected in 37.1% of patients with nonfunctioning adenomas. The remission rates for patients with functioning adenomas, as documented by the last endocrinological evaluation, were 54.9% for growth hormone-secreting, 69.5% for adrenocorticotropin hormone-secreting, 72.7% for prolactin-secreting and 100% for thyroid-stimulating hormone-secreting, with two recurrences in patients with cushing's disease. Multivariate analysis showed that factors influencing surgical outcome were cavernous sinus invasion, large tumour diameter (≥25 mm) and reoperation for the nonfunctioning adenomas, and cavernous sinus invasion as well as large tumour diameter (≥25 mm) for the functioning adenomas. In the latter cohort, predictors for endocrinological remission were maximum tumour diameter (≤20 mm) and reoperation. Postoperative complications were present in 3.3% of the cases. One patient developed epistaxis, two hemorrhage at the surgical field, one postoperative rhinorrhea, one postoperative permanent diabetes insipidus and one postoperative panhypopituitarism. cONcLUsIONs: Microsurgical transsphenoidal surgery is an effective and safe treatment in all patients with pituitary adenomas, except for prolactinomas responsive to medical therapy.
IntroductIon
Pituitary adenomas, with an incidence of almost 25% in unselected autopsy series, 1 account for 10 to 15% of all intracranial tumours 2 and remain in many cases undiagnosed since they may not cause clinical symptoms. They are classified according to their secretory activity, with prolactinomas and null cell adenomas being the most frequent followed by growth hormone-, adrenocorticotropin hormone-and thyroid-stimulating hormone-secreting adenomas. Patients may present with well-defined clinical syndromes due to hormonal hypersecretion, including hyperprolactinemia, acromegaly, Cushing's disease and hyperthyroidism or with impaired pituitary function due to compression of the gland. Tumours with marked supra-and/or parasellar extension can cause severe headache, visual compromise and palsy of the oculomotor nerves.
Despite advances in the pharmacological and radiotherapeutic management, especially of hormonally active pituitary adenomas, 3, 4 surgery remains the treatment of choice for the majority of these tumours and the gold standard for hormonally inactive adenomas. 5 The goal of surgical intervention is biochemical cure in addition to normal pituitary function preservation and decompression of the surrounding neural structures.
Surgical results, which are judged nowadays by strict endocrine criteria and sophisticated imaging, 6, 7 have endorsed transsphenoidal surgery as the most common and successful approach due to low risk of complications and because it can be applied in almost 90% of pituitary adenomas. 5 The aim of this study was the evaluation and assessment of factors that influence the outcome of microsurgical transsphenoidal surgery (MTS) in a consecutive series of patients harbouring pituitary adenomas treated during the last seven years, using a standardized operative technique, and also the evaluation of the efficacy and the safety of the procedure.
MetHodology

Patients & Methods
Between March 2004 and June 2011, a total of 184 patients underwent endonasal transsphenoidal surgery for pituitary adenoma by the last author (PN) at the centre for pituitary surgery of Hygeia Hospital, Marousi, Greece. A standardized microsurgical approach was used, 8 and in selected cases, with parasellar extension, the procedure was endoscope assisted. 9 The main indication for the use of the combined microscopic and endoscopic approach was tumour extension outside the field of view of the microscope. This was particularly the case in tumours invading the parasellar area and those developed far laterally or anteriorly into the sphenoid sinus. Very large pituitary adenomas, requiring a transcranial approach, were excluded. These were mainly tumours demonstrating either a dumbbell shape with very narrow entrance of the sella, or tumours with larger suprasellar than intrasellar extension resulting in very small sella, or tumours with marked retrosellar portion.
Preoperative Evaluation
All patients underwent preoperative endocrinological, neuroradiological and neuro-opthalmological evaluation. Multiple measurements of plasma prolactin (PRL), growth hormone (GH), insulin-like factor-I (IGF-1), GH level after oral glucose tolerance test (OGTT), corticotropin (ACTH), cortisol, 24-h urinary free cortisol (when Cushing's disease was suspected), thyrotropin (TSH), free thyroxine, luteinizing hormone (LH), follicle-stimulating hormone (FSH), testosterone and estradiol levels were performed.
Additional preoperative data included age at operation, sex, symptoms at presentation, visual status and prior surgical procedures.
Magnetic resonance imaging (MRI) was performed on all but two patients (because of claustrophobia in the first and presence of pacemaker in the other) at the time of diagnosis. In these two patients, a highresolution computed tomographic (CT) scan of the hypothalamic-pituitary region was performed instead. Tumour size was classified according to its maximum diameter in two categories: microadenoma (<10 mm) and macroadenoma (≥10 mm). For cavernous sinus invasion, the Knosp classification was used. 10 The neuro-opthalmological workup included formal visual field testing and visual acuity assessment and was performed by a neuro-ophthalmologist.
Surgical Technique
The original Cushing's method 8 was used: the patient is positioned supine with the head tilted downwards about 10 degrees and the surgeon stands behind the patient. A unilateral paraseptal approach is employed. Depending on the nasal anatomy and the extent of the lesion, the mucosal incision is usually made in the vestibulum nasii along the cartilaginous nasal septum. A sublabial incision was applied in 10 cases of extended lesions. Under careful blunt dissection, the plane between cartilage and perichondrium is exposed. A mucosal tunnel is made without leaving this plane in order to prevent mucosal tearing. Resection of the anterior nasal spine of the maxilla gives better visualization of the tunnel. The basal cartilaginous septum is then mobilized and a Cushing-type speculum is inserted. Using the operating microscope, the tunnel is enlarged exposing the bony nasal septum, which has to be removed in order to reach the sphenoidal sinus. A speculum is introduced through one nasal cavity down to the anterior wall of the sphenoid sinus and the mucosa is coagulated and incised. 8 The floor of the sphenoid sinus is then opened using a diamond drill and a larger self-retaining speculum is inserted. The sphenoid sinus is opened widely. The mucosa and all intrasphenoidal septae have to be removed, exposing the whole sella turcica from the sphenoidal plane to the clivus. In the case of incomplete pneumatization of the sphenoid sinus, the use of a drill is necessary in order to achieve such a wide exposure. The sellar floor is then opened and completely resected to the medial wall of the cavernous sinus. The basal dura is then opened and a small biopsy is taken to rule out tumour invasion histologically. The tumour is then removed using various curettes. During tumour removal, the diaphragm usually descends into the pituitary fossa. If this does not occur spontaneously, it can usually be accomplished by an increase in intracranial pressure using positive end-expiratory pressure (PEEP) ventilation or compression of the jugular veins. In the case of intraoperative cerebro-spinal fluid (CSF) leak, the surgical opening is sealed by two pieces of fascia lata fixed by fibrin glue. A lumbar catheter is then placed for CSF drainage until the third postoperative day. The mucosal incision is then closed and both nostrils are tamponaded for 24 hours. 8 We applied Medtronic ® neuronavigation in 15 cases (especially in reoperations) and the procedure was endoscope assisted in 8 cases.
Reconstruction of the Sellar Floor
In 120 patients there was no need to use reconstruction material. The opening of the basal dura was covered only by a piece of an oxydized cellulose polymer (Surgicel 
. In 64 patients with intraoperative CSF-leak, reconstruction of the sellar floor by two pieces of the patient's fascia lata was necessary. The CSF-leak occurred during removal, with the most frontal part of the diaphragm being the most common site of leakage. Only in 7 patients was the leak due to extensive infiltration of the diaphragm by invasive growth of the lesions.
Postoperative Evaluation
The patient's postoperative neurological status, a full repeat endocrinological assessment, and postoperative MRI scans were reviewed. The criteria for disease control were tumour gross-total resection (GTR) in nonfunctioning adenomas and biochemical cure along with evidence of clinical remission in functioning adenomas.
In all cases, MRI scanning was routinely performed 3 months after surgery and was repeated at 1 year postoperatively, and then annually for the remainder of the followup period, unless there were indications for earlier imaging. GTR is defined as when the surgeon's intraoperative vision and postoperative imaging document no residual tumour. The resection is considered subtotal (STR) when more than 80% of the lesion has been removed and partial (PTR) when less than 80% has been removed. 11 For patients with acromegaly, the normalization of the GH level (GH <0.4 ng/mL) and IGF-1 level (normal as adjusted for sex and age), as measured in the first 48 hours after surgery along with a GH nadir of 1 ng/mL or less after an OGTT performed at 6 weeks postoperatively, were considered as criteria for cure. 12 For patients with Cushing's disease, an early morning cortisol level measurement (<100 nmol/L requiring substitutive therapy) obtained in the first 48 hours after surgery, along with the suppression to low-dose dexamethasone and normalization of the 24-hour urinary free cortisol (both at 6 weeks postoperatively), were required. 13 For patients with prolactinoma, PRL level after surgery <20 ng/mL was considered an indicator of remission; 14 and for patients with TSH-secreting adenomas, normalization of fT3, fT4 and TSH levels were required the day after surgery. All tests were repeated at least yearly or as required depending on the patient's clinical status.
All patients with preoperative visual deficits underwent formal neuro-ophthalmological evaluation postoperatively.
Statistical Evaluation
Continuous variables are displayed as mean values ± standard deviation. Categorical values are shown as percentages. Tumour diameter between patients with favourable and unfavourable surgical and endocrinological outcome was assessed using a Mann-Whitney U-test. Multivariate logistic regression analysis was used to determine the effect of tumour invasion of the cavernous sinus, maximum tumour diameter, reoperation, suprasellar extension, sphenoid sinus invasion, and tumour apoplexy, on surgical outcome and endocrinological remission. A p value <0.05 was considered statistically significant. In the model used for this analysis, variables with p value >0.1 were considered not statistically significant and were not taken into account (removed from the model). Analysis was performed using commercially available software (MedCalc version 12.2.1.0).
reSultS
Patient Characteristics
A total of 184 patients, with a mean age of 49.77 ± 14.23 years, underwent resection of pituitary adenomas via the transsphenoidal route. There were 99 males. This series was composed of 97 patients with nonfunctioning adenomas, 51 with acromegaly, 23 with Cushing's disease, 11 with prolactinomas and 2 with TSH-secreting adenomas. Clinical presentation of patients with nonfunctioning adenomas was related to mass effect of the tumour (visual impairment and/ or hypopituitarism) in 73 of the 97, while the tumour was an incidental finding in 14. The remaining 10 presented with tumour apoplexy, causing neurological symptoms. Most patients (92%) with functioning tumours presented with hormone overproduction symptoms, whereas the remaining (8%) with visual disturbances. In this series, 22 of the 184 patients had undergone a previous resection of their lesion, 13 of 97 with nonfunctioning and 9 of 87 with functioning adenomas. Mean duration of follow-up was 3.6±2 years.
Surgical Results
Nonfunctioning adenomas
This cohort consisted of 97 patients with a mean age of 55.06 ± 14.4 years. There were 56 males. All patients harboured macroadenomas, with a median value of maximum tumour diameter on preoperative imaging of 25 mm (range 11-60). Invasion of the cavernous sinus was present in 33 of the 97 and extension to the sphenoid sinus in 19. According to the first postoperative neuroimaging study, GTR was demonstrable in 61 patients (62.9%) and tumour remnants were seen in 36 (37.1%). Mann-Whitney U-test revealed that patients with favourable surgical outcome had statistically significantly smaller adenomas compared to those with an unfavourable one (median value of maximum tumour diameter 24 mm vs 31 mm, respectively; p <0.001) ( Figure  1 ). Multivariate logistic regression analysis showed that tumour invasion of the cavernous sinus (OR 7.6; 95% CI 2.6 -22.0; p <0.001), relatively large tumour diameter (≥25 mm) (OR 0.2; 95% CI 0.08 -0.6; p <0.05), and reoperation (OR 6.72; 95% CI 0.8 -55.9; p <0.05), were associated with unfavourable surgical outcome, whereas suprasellar extension, sphenoid sinus invasion and tumour apoplexy had no statistically significant independent association with outcome.
Normalization of visual defects occurred in 21 of the 55 patients with visual disturbances, while improvement was observed in another 27. In 7, visual defects remained unchanged. They did not worsen in any patient. Third nerve palsies regressed after surgery in all 7 patients presenting this symptom.
Clinical and endocrinological evaluation revealed evidence of some degree of hypopituitarism preoperatively in 75 of the patients. Postoperative examination revealed impaired pituitary function 3 months after surgery in 53 and after a whole year in 50. At 12 months after surgery, anterior pituitary function was normalized in 14, improved in 24, remained unchanged in 36 and worsened in 1 of the 75 patients with some degree of preoperative hypopituitarism. One patient with an intra-and parasellar tumour histologically associated with a marked lymphocytic hypophysitis and normal preoperative pituitary function developed panhypopituitarism after surgery.
Functioning Adenomas
About two-thirds of patients with functioning tumours had macroadenomas. Invasion of the cavernous sinus was present in 20 of the 87 and suprasellar extension in 28. According to the first postoperative neuroimaging study, GTR was demonstrable in 63 patients (72.4%). The rate of GTR was 88.9% for micro-and 65% for macroadenomas. Mann-Whitney U-test revealed that patients with favourable surgical outcome had statistically significantly smaller adenomas compared to those with an unfavourable one (median value of maximum tumour diameter 12 mm vs 25 mm, respectively; p <0.001) (Figure 2) . Multivariate logistic regression analysis showed that tumour invasion of the cavernous sinus (OR 47.8; 95% CI 5.4 -421; p <0.001), as well as relatively large tumour diameter (≥25 mm) (p <0.001), were associated with unfavourable surgical outcome, whereas suprasellar extension was not. Mann-Whitney U-test revealed that patients with endocrinological remission had statistically significantly smaller adenomas compared to those who were not cured (11 mm vs 15 mm, respectively; p <0.05) (Figure 3 ). Multivariate analysis showed that endocrinological remission was feasible for adenomas with smaller diameter (≤20 mm) (p <0.05) and reoperation was the only negative predictor for biochemical remission (p <0.05).
Acromegaly
This cohort consisted of 51 patients with a mean age of 44.61 ± 10.68 years. There were 32 males. Most patients presented with classic acromegalic symptoms and the median value of maximum tumour diameter on preoperative imaging was 13.5 mm (range 5 -47). Out of the 51 patients, 41 had macroadenomas and in 17 the tumour had invaded the cavernous sinus. According to the first postoperative imaging, GTR was achieved in 70.6% (36/51) and in 54.9% (28/51) of the patients the endocrinological remission criteria were met. Biochemical cure was achieved in 80% of micro-and in 48.8% of macroadenomas. This latter result was due to the high incidence of tumour invasion of the cavernous sinus among patients of this category ( Table 1 ). All patients had normal pituitary function preoperatively, while one developed permanent diabetes insipidus post surgery. That patient required a second transsphenoidal operation in order to achieve biochemical remission.
Out of 23 patients who did not achieve endocrinological remission, 5 underwent supplementary therapy with Gamma Knife stereotactic radiosurgery.
Cushing's Disease
This cohort consisted of 23 patients with a mean age of 46.57 ± 11.85 years. Only 2 were males. All patients sought medical attention for classic cushingoid symptoms, except one who received the final diagnosis during the workup for low back pain. The median value of maximum tumour diameter on preoperative imaging was 9.5 mm (range 0-20). Only 39.1% of the lesions were classified as macroadenomas, while 5 had no pathological features on preoperative MRI. In these patients, the site of exploration of the pituitary gland was based on the results of the preoperative inferior sinus petrosus sampling. According to the first postoperative imaging, GTR was achieved in 73.9% (17/23), and in 69.5% (16/23) of the patients the endocrinological remission criteria were met. Biochemical cure was achieved in 77.8% of micro-, in 66.6% of macroadenomas, and in 60% of patients with no pathological features on preoperative imaging (Table 2 ). All patients had normal pituitary function preoperatively and none developed new endocrinological deficit post surgery. During the last followup 2 patients had developed recurrence (41 and 24 months after surgical treatment).
Out of 7 patients who did not achieve remission, 2 underwent supplementary therapy with Gamma Knife stereotactic radiosurgery. (basal GH <0.4 ng/ml, OGTT GH <1 ng/ ml, normal IGF-I) 
Prolactinomas
This cohort consisted of 11 patients with a mean age of 33.91 ± 14.58 years. Four were males. The majority (81.8%) had received medical therapy to control excess prolactin secretion. Surgical treatment was decided because of insufficient control of hyperprolactinemia in 4 patients, enlargement of the adenoma despite medical treatment in 2 and intolerable adverse medication effects in 3. Two patients underwent resection without previous medical treatment. The first presented with symptoms of tumour apoplexy (acute visual loss, complete pituitary insufficiency) while she was in the sixth month of gestation, and the second with rhinorrhea due to a giant invasive adenoma. The median value of maximum tumour diameter on preoperative imaging was 17 mm (range 7-44), while 81.8% of prolactinomas were classified as macroadenomas. According to the first postoperative imaging, GTR was achieved in 72.7% (8/11) , and in all these patients the endocrinological remission criteria were met. All patients, except one, had normal pituitary function preoperatively and none developed new endocrinological deficit post surgery. One patient with giant invasive adenoma developed postoperative rhinorrhea, which was surgically corrected.
Out of 3 patients who did not achieve remission, 1 underwent supplementary therapy with Gamma Knife stereotactic radiosurgery.
Thyrotropin-secreting Adenomas
Only 2 patients in this cohort underwent surgery, and according to the first postoperative imaging, a gross-total resection was achieved in both. The endocrinological results confirmed the normalization of TSH, fT3 and fT4 levels after surgery.
Postoperative Complications
No operative or perioperative death occurred in this series and there was no case of any kind of postoperative infection. Postoperative complications were present in 6 (3.3%) patients. One developed epistaxis requiring embolism due to spheno-palatine artery pseudo-aneurysm, 2 hemorrhage at the surgical field treated with surgical evacuation, 1 postoperative rhinorrhea corrected surgically, 1 postoperative permanent diabetes insipidus and 1 postoperative panhypopituitarism. The two latter patients are receiving replacement therapy.
dIScuSSIon
Surgical Approach
All patients treated underwent surgery using a microsurgical approach, which was assisted by endoscopy in a few cases with tumour extending far into the parasellar area and into the lateral or frontal part of the sphenoid sinus. To date, there is still lack of evidence that the endoscopic approach has been able to provide better results in the surgical treatment of pituitary adenomas in terms of normalization of hormonal oversecretion in functioning tumour or of more complete tumour removal in nonfunctioning adenomas as compared to microscopic surgery. 9 The benefit of endoscopic visualization in transsphenoidal surgery is more prominent in the treatment of lesions other than adenomas, which extend far outside the confines of the sella. Pituitary adenomas usually develop in the intra-and suprasellar areas, which are perfectly in line of sight with the microscope. In the case of parasellar extension, usually associated with an invasive growth, visualization using the endoscope is clearly better. But even the use of the most sophisticated combined endoscopic and microsurgical methods has proven to be insufficient to remove the parasellar parts of the tumour in a way that no remnant is detectable in thin sliced postoperative MRIs and that in hormone-producing adenomas endocrinological cure can be achieved.
Nonfunctioning Adenomas
The aim of surgical treatment of nonfunctioning pituitary adenomas is the removal of as much of the adenoma as possible, leading to decompression of the adjacent nervous structures, along with preservation of normal pituitary function. MTS in the present series provided satisfactory control of tumour growth and resulted in clinical remission in a large percentage of the cases. The results in this study are comparable with those of other previously published series. [15] [16] [17] [18] [19] [20] Complete surgical removal of the adenoma was achieved in 62.9% of the patients in this study. The authors of two other large series reported similar results. 16, 19 These data suggest that successful removal of even large tumours can be accomplished in >50% of cases in specialized centres. In the present series, all tumours were macroadenomas and the size of the treated lesions (median value of maximum tumour diameter 25 mm (range 11-60)) was larger than the sizes of the adenomas treated by other groups. 21, 22 Impaired pituitary function can be restored after transsphenoidal surgery and this was the case of 14 (18.7%) of the present patients who normalized and of the 24 (32%) who had improved pituitary function, among the 75 patients with some degree of preoperative hypopituitarism. Similar results were reported by some authors, [18] [19] although in other series no functional improvement was observed. 23 Permanent diabetes insipidus occurred in only one of the present patients, a consequence also reported in another series. 19 Improvement of visual function occurred in 87% of the patients with preoperative disturbances and was similar to the improvement reported by other groups. 17, 22, 24 Outcome was negatively influenced by three clinical factors, namely, cavernous sinus invasion, large tumour diameter (≥25 mm) and reoperation, as shown by multivariate analysis. Two other studies 16, 25 have also demonstrated that cavernous sinus invasion was the main negative predictor regarding complete removal. Patients who presented with pituitary apoplexy had a favourable outcome, with complete tumour removal. The small number of these patients cannot lead to a definite conclusion. However, we agree with the hypothesis of Losa and coworkers, 16 that the features of apoplexy (massive necrotic and hemorrhagic changes of the tumour) may facilitate complete removal.
In the present series, reoperation negatively influenced outcome. No similar findings have been previously reported, but it is not clear whether this factor has ever been investigated in this context. It is likely that our department, representing a centre of pituitary surgery for the whole country, deals with a diversity of cases and, hence, many of them were operated on for the second or even third time. From a technical point of view, total removal in these cases is not feasible due to either difficulties in surgical exposure of the area, because of disturbed anatomy, or extensive bleeding, usually attributed to adhesions and previous use of materials for reconstruction of the sella during the first operation, such as glues and bone grafts.
In some studies, [26] [27] [28] postoperative radiotherapy was performed in patients with residual tumours, taking into consideration that radiotherapy is effective in stabilizing tumour growth or inducing regression of the adenoma. The application of radiosurgery in cases of residual tumour leads to tumour control in more than 90% of all patients. [29] [30] [31] In the present series, postoperative radiation treatment was performed in 15 patients with residual tumour (10 received stereotactic radiosurgery with Gamma Knife and 5 conformal fractionated radiotherapy).
Functioning Adenomas
In the present cohort, endocrinological outcome was assessed according to the recently updated criteria for biochemical cure based on the latest consensus criteria of remission for acromegaly, Cushing's disease, and prolactinomas. [12] [13] [14] In the recent past, there has been little universal consensus, making comparisons of outcome between different transsphenoidal series difficult.
Acromegaly
Despite the recent developments in medical therapy by the introduction of new agents and in radiotherapy by the use of stereotactically targeted therapy, transsphenoidal surgery remains the first-line treatment in all patients with acromegaly harbouring microadenomas, noninvasive macroadenomas, and tumours causing compression symptoms. 6 Even in larger and invasive tumours unlikely to be controlled by surgery alone, debulking increases the proportion of patients in whom postoperative medical treatment results in normal IGF-1 levels, especially when more than 75% of the tumour is removed. 32, 33 MTS provides biochemical control in 33-95% of patients. [34] [35] [36] [37] [38] The best results are achieved in microadenomas and intrasellar macroadenomas (75-95%). Remission rate tends to drop in more extensive adenomas, reaching 44.5% for suprasellar tumours in patients without, 33% in those with visual compromise, and 41.5% for tumours with parasellar and/or sphenoidal expansion. 35 In the present study, biochemical cure was achieved in 54.9% of patients. The rate of endocrinological remission was 80% for patients harbouring microadenomas and was comparable with that reported by Nomikos and coworkers. 35 In the present series, a large proportion of macroadenomas invading the cavernous sinus (33.3%) were operated on and, hence, lower cure rates in GH-secreting macroadenomas are reported as compared to the study by Abosch et al.
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In a large number of acromegalic patients there was a significant discrepancy between the results of postoperative MRI and the endocrinological remission. Despite the high rate of radiologically complete tumour removal (70.6%), biochemical cure was documented in only 54.9%. At present, MRI is thought to be the best imaging technique for evaluation of pituitary adenomas. 40, 41 MRI is also recommended for followup of surgically treated patients. 11 Residual or recurrent tissue of pituitary tumours is usually visible on postoperative MRI. 42 However, postsurgical MRI lacks specificity. Postoperative changes may represent only scar tissue or material used for the reconstruction of the sellar floor and not residual adenomas. [43] [44] Local invasion of the walls of the cavernous sinus or of the osseous sellar floor is not always detectable on followup studies. Often, they can be detected in serial MRI scans. 45, 46 Therefore, the outcome of surgery regarding the control of the disease should only be based on biochemical results using the most current criteria for remission.
Cushing's Disease
MTS is the mainstay of treatment for Cushing's disease and can lead to an immediate normalization of cortisol levels along with improvement in symptoms. Remission rates after surgery vary significantly among studies, ranging from 42 to 95%, with most between 70 and 85%. [47] [48] [49] [50] [51] [52] In this study, biochemical cure was achieved in 69.5% of patients, with lower cure rate (60%) in adenomas that were not visible on preoperative imaging. Endocrinological remission is known to be negatively affected by the poor preoperative visualization of the tumour. 52 One of the two patients who were diagnosed with recurrence at followup had no identifiable lesion in the preoperative imaging.
Prolactinomas
To date, medical treatment is the favoured primary therapy for prolactinomas. Main indications of surgery are intolerance of medication and tumours not responding to dopamine agonists. Remission rates in large series of surgically treated prolactinomas vary between 54% and 86%. [53] [54] [55] [56] In this study, biochemical cure was achieved in 72.7% of patients.
Thyrotropin-secreting Adenomas
Because of the rarity of such adenomas, our experience is limited to just two cases, and although treated with success, we cannot draw meaningful conclusions.
Complication Analysis
The experience of a well-trained surgeon is paramount in avoiding loss of time and major complications related to the approach. 57 The rate of complications in the present study was comparable to previous large series. 5 We had one patient (0.5%) with delayed epistaxis, despite the meticulous cauterization of the posterior nasal branch of the spheno-palatine artery bilaterally. That patient required embolism due to arterial pseudo-aneurysm. CSF leak and meningitis are the most frequent complications in transsphenoidal surgery. 57 Our low percentage (0.5%) of postoperative rhinorrhea is explained not only by a careful surgical technique, but also by the placement of CSF lumbar external diversion after the end of the procedure, when intraoperative leak was present. Infectious complications were absent in the present series, despite the absence of preoperative prophylaxis with antimicrobial agents. The hemorrhagic complication (1%) was as low as the most successful microsurgical series 5 and the rates of permanent diabetes insipidus (0.5%) and new anterior pituitary insufficiency (0.5%) seem to be lower than in previous reports. 5, 57 In conclusion, the results of this study confirm the value, efficacy and safety of microsurgical transsphenoidal surgery for pituitary adenomas. The technique can achieve favourable removal and remission rates with very low morbidity. However, it should ideally be performed by an experienced pituitary surgeon. Taking into account the present results and those reported in the literature, microsurgical transsphenoidal surgery can be considered the first-choice therapy in all patients with pituitary adenoma, except for prolactinomas responsive to dopamine agonists.
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